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ABSTRACT 
Umbilical cord blood is the blood found in the 
vessels of the umbilical cord and placenta. It has 
been shown that this blood contains at least 
three populations of stem cells, each with uni- 
que features and properties. Due to the absence 
of standardized criteria for characterizing and 
naming cord blood stem cells, different terms 
and acronyms have been introduced to describe 
certain cell populations. Besides the confusion 
caused by the introduction of these different 
names, some of the terms used by different gro- 
ups are inaccurate and misleading when consi- 
dering the molecular and cellular properties of 
such cells. Hence, in this review we provide sim- 
ple and direct descriptions of different popula- 
tions of stem cells in umbilical cord blood in an 
attempt to clarify the confusion caused by the 
existence of multiple names given to certain 
cord blood stem cells. We also discuss the po-
tential use of umbilical cord blood stem cells as 
a therapeutic tool for several diseases and dis- 
orders in light of ongoing clinical trials. 
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1. INTRODUCTION 

The umbilical cord blood is regarded as the “life line” 
that supplies the developing fetus with the important 
nutrition elements and oxygen required for proper fetal 
development. Beside its role in development, umbilical 
cord blood has been also involved in therapeutic applica-
tions, which was reported for the first time in 1972 by 
clinicians in the United States to treat a case with lym- 
phoblastic leukemia [1]. In later years, it was used regu- 
larly for transplantation in hematology for bone marrow 
replacement, following either hematological malignancy 
or bone marrow failure after chemotherapy. Umbilical 
cord blood use was then restricted to blood-prolifera- 
tion-based diseases [2,3]. Nevertheless, advances in the 
production of different tissue groups from umbilical cord 

blood stem cells, from the three germ layers, has high- 
lighted the additional potential of umbilical cord blood in 
treatment of other pathological disorders and medical 
applications including regenerative medicine and tissue 
engineering [4-6].  

Umbilical cord blood contains a highly heterogeneous 
mixture of cells. This mixture includes hematopoietic 
cells including erythrocytes and leukocytes. Moreover, 
umbilical cord blood contains at least three types of stem 
cells including a population of hematopoietic stem cells 
(HSCs) and a population of  Mesenchymal stem cells 
(MSCs), which are a multipotent stem cells highly simi-
lar to Mesenchymal stem cells (MSCs) of the bone mar-
row [7,8]. In addition, umbilical cord blood, contains a 
relatively low concentration of non-hematopoietic mul-
tipotent stem cells expressing SSEA-4 protein, a surface 
marker expressed by embryonic stem cells [9,10], and 
the transcription factors OCT4, SOX2 and NANOG 
normally expressed by pluripotent stem cells [10-12]. 
The potential use of this non-hematopoietic stem cell 
population in a range of applications underpins the ef-
forts to further characterize and analyze the properties of 
this unique cell population. Nevertheless, the absence of 
standardized criteria for characterizing and naming this 
unique population of cells resulted in the introduction of 
different names and acronyms for these cells. Such ac-
ronyms may have sometimes lead to inaccurate and mis-
leading classification, especially in relation to other types 
of stem cells. Here, we describe the different types of 
stem cells that exist in the umbilical cord blood/placenta 
to ease the misconception and confusion surrounding 
umbilical cord blood stem cells. Also, we reflect on the 
advantages of utilizing umbilical cord blood over other 
sources of stem cells and explore the potential uses of 
these cells as a therapeutic tool for treating different dis-
eases and disorders. 

2. UMBILICAL CORD AND PLACENTA: 
STRUCTURE, DEVELOPMENT AND 
FUNCTION 

2.1. Umbilical Cord 

The umbilical cord is the cord that connects the de- 
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veloping fetus to the placenta. The umbilical cord origi-
nates from the same zygote as the fetus. It develops from 
the yolk sac and allantois by the 5th week of fetal devel-
opment and replaces the yolk sac as the nutrient supplier 
for the fetus [13]. The umbilical cord averages 50 - 60 
cm in length and about 2 cm in diameter at the end of 
gestation (Figure 1) [14]. It contains three blood vessels, 
one vein and two arteries, which coil around the vein in a 
helical configuration [15]. The vein supplies the fetus 
with nutrient-rich oxygenated blood from the placenta 
and the arteries takes the nutrient-depleted deoxygenated 
blood back to the placenta. The three blood vessels are 
insulated with a gelatinous substance called Wharton’s 
jelly that protects these vessels and prevents their com-
pression [16]. The umbilical cord is connected to the 
fetus at the abdominal area at the point, which after birth 
becomes the umbilicus. Once inside the fetus, the vein of 
the umbilical cord splits into two branches, one joins the 
hepatic portal vein, which directs blood to the liver and 
the second allows the majority of blood to bypass the 
liver and directs it to the fetal heart via the left hepatic 
vein and inferior vena cava. The umbilical cord arteries 
branch from the fetal internal iliac artery, which is the 
main artery in the pelvic area [17]. 

2.2. Placenta 

The placenta is the organ that connects the developing 
fetus via the umbilical cord to the maternal uterine wall 
carrying out nutritive, respiratory, and excretory functions 
[18]. Similar to the umbilical cord, the placenta originate 
from the same zygote as the fetus. It begins to develop 
during implantation of the blastocyst into the maternal 
endometrium and grows throughout pregnancy [19]. Ana-
tomically, the placenta has a dark maroon color and round 
flat appearance. It averages around 20 cm in diameter and 
2.5 cm in thickness at the end of gestation (Figure 1).  

 

 

Figure 1. Human placenta and umbilical cord before cord bl- 
ood collection. Photograph taken minutes after delivery. 

The placenta is divided into two portions, the fetal 
portion and the maternal portion. The fetal portion con-
sists of the chorionic villi, which are villi that merge 
from the chorion to maximize the contact area with ma-
ternal blood. The maternal portion contains the intervil-
lous space, which is the space between the fetal chori-
onic villi and maternal blood vessels. The delicate walls 
of the chorionic villi allow the fetal blood to absorb nu-
trients and oxygen from the maternal blood and discard 
waste products into it without intermigration of the two 
blood currents [18,19]. 

3. UMBILICAL CORD BLOOD CONTAINS 
DIFFERENT TYPES OF STEM CELLS 

The increasing interest in umbilical cord blood ema-
nated from its utilization in hematological applications in 
the past couple of decades. Previous and current clinical 
efforts, focused on analyzing and characterizing the con-
stituents of umbilical cord blood. Beside the blood cells, 
that include erythrocytes, leukocytes and thrombocytes, 
the umbilical cord blood was found to contain different 
populations of stem cells, a unique feature not shared 
with peripheral blood. Scientists and researchers have 
characterized the following stem cell populations from 
umbilical cord blood; hematopoietic stem cells (HSCs), 
multipotent non-hematopoietic stem cells and Mesen-
chymal stem cells (MSCs) (Figure 2). 

3.1. Hematopoietic Stem Cells (HSCs) 

Haematopoiesis is the process by which blood cells 
are formed. All blood cellular components are derived 
from a multipotent stem cell population called hemato-
poietic stem cells through a series of complex prolifera-
tion and differentiation events [20]. Umbilical cord blood 
has been shown to contain a population of hematopoietic 
stem cells (HSCs) at different stages of hematopoietic 
commitment, characterized by their differential expres-
sion of hematopoietic antigens CD133, CD34 and CD45 
according to a model previously described [21,22]. It has 
been shown that cord blood hematopoietic stem cells can 
be selectively induced into specific hematopoietic line-
ages in-vitro including erythroid, megakaryocytic and 
monocytic lineages [23]. 

 

 

Figure 2. Umbilical cord blood contains at least three popula- 
tions of stem cells. Each has its unique molecular and cellular 
properties. 
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3.2. Mesenchymal Stem Cells (MSCs) 

Mesenchymal stem cells (MSCs), are a multipotent 
stem cell population found originally in the bone marrow 
[7,8]. These cells have the inherent ability of differenti-
ating into osteogenic, adipogenic and chondrogenic 
lineages as well as non-mesodermal lineages including 
neural and hepatic lineages [8,24-26]. MSCs have been 
also isolated from umbilical cord blood [27-29]. Umbili-
cal cord blood derived MSCs show high morphological 
and molecular similarities to bone marrow derived MSCs 
including the lacking of hematopoietic surface antigens 
CD133, CD34 and CD45 [27,29-31]. Although the isola-
tion of MSCs from umbilical cord blood has been shown 
to be laborious because of their low number, compared to 
the bone marrow, cord blood derived MSCs demonstrate 
higher proliferation capabilities than bone marrow MSCs 
[29]. Cord blood MSCs have been successfully differen-
tiated in-vitro into osteogenic, chondrogenic, neural and 
hepatic lineages [32-35]. 

3.3. Multipotent Non-Hematopoietic Stem 
Cells 

A unique population of multipotent non-hematopoietic 
stem cells has been identified in umbilical cord blood. 
These stem cells are small in size and exist at low density 
in cord blood and are negative for the major hematopoi-
etic marker CD45 [9,10,36,37]. This population of cells 
has been shown to express transcription factors normally 
expressed by embryonic stem cells including pluripo-
tency key players OCT4, SOX2 and NANOG. In addition, 
they expressed specific surface markers, which have been 
used previously to characterize human embryonic stem 
cell lines. These markers include state-specific embry-
onic antigens, SSEA-3 and SSEA-4 in addition to tumor 
rejection antigens TRA1-60 and TRA1-80 [9,10,36, 
38,39]. These stem cells have been shown to differentiate 

into various cell types representing the three germ layers. 
Many groups have reported successful neural induction 
of cord blood stem cells representing ectodermal com-
mitment [12,37,40,41], whilst other groups have suc-
cessfully differentiated cord blood naïve stem cells into 
endodermic lineages including hepatic and pancreatic 
cells [5,9], and other groups have reported the successful 
generation of endothelial cells from cord blood naive 
stem cells representing the mesodermal lineage [42,43]. 
Research groups have developed different strategies in 
attempts to purify cord blood non-hematopoietic stem 
cells population (Table 1). For example, Buzanska et al. 
(2002) developed an immunomagnetic sorting strategy to 
purify the targeted population. They utilized magnetic 
beads that can specifically recognize CD34, a surface 
antigen expressed by hematopoietic stem cells (HSCs), 
and depleted the CD34-postive cells [44]. The purified 
CD34-negative cell fraction was reported to express 
OCT4 and SOX2 [41,45,46]. Forraz et al. (2004), util-
ized the same immunomagnetic depletion strategy used 
by Buzanska’s group but instead of using a single anti-
body, they used a combination of hematopoietic antibod-
ies including CD45, CD235a, CD38, CD7, CD33, CD56, 
CD16, CD3, and CD2 in a sequential manner to purify 
the targeted population, which were reported to make up 
around 0.1% of the total mononuclear fraction of the 
cord blood [9,47,48]. Other groups utilized multi-para- 
meter fluorescence-activated cell sorting (FACS) to pu-
rify the targeted population. They used a cocktail of an-
tibodies including hematopoietic stem cell markers CD 
133, CD34 and the general hematopoietic marker CD45. 
The CD45-positive cells were eliminated and at the same 
time the CD133 and CD 34 positive cells were enriched 
using FACS sorting. Those enriched cells expressed 
OCT4 and NANOG in addition to surface embryonic 
marker SSEA-4 [10,49] (Table 1). 

 
Table 1. Reported purification and selection methods of umbilical cord blood non-hematopoietic stem cells. 

Name of isolated cells Purification/selection method 
Markers 
expressed 

References 

Human umbilical cord blood-neural stem cells 
(HUCB-NSC) 

Continuous depletion of CD34 cells (cell line) 
OCT4 
SOX2 

[41,44-46] 

Lineage-Negative Stem-Progenitor Cell Population Immuno-magnetic depletion 

TRA-1-60 
TRA-1-81 
SSEA-4 
SSEA-3 
OCT4 

[9,47-48] 

Very small embryonic-like stem cells (VSEL) FACS sorting 
SSEA-4 
OCT4 
NANOG 

[10,49] 

Progenitor cord blood cells CD133 positive selection NESTIN [40] 

Cord blood derived embryonic-like stem cells (CBE) Immuno-magnetic depletion 
OCT4 
SOX2 
NANOG 

[11] 
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Due to such marker expression profile, McGuckin et 

al. (2005) named these cells cord blood derived embry-
onic-like stem cells (CBEs), while Kucia et al. (2007) 
named them very small embryonic-like stem cells (VS 
ELs). Other groups have also named them cord blood pl- 
uripotent stem cells [50,51]. Besides the confusion cau- 
sed by the introduction of different names and acronyms 
for these cells (due to the absence of standardized biolo- 
gical/expression or other criteria) the use of terms such 
as “embryonic-like” and “pluripotent” terms to describe 
these cells might be inaccurate and misleading. The term 
“embryonic-like” was given to cells based on their exp- 
ression of so-called embryonic stem cell markers such as 
OCT4, the main pluripotency key player in embryonic 
stem cells [52]. It has been shown that OCT4 has mul- 
tiple splice variants including OCT4A and OCT4B that 
differ only in their N terminals whilst having identical C 
terminals. The splice variants have been shown to have 
different temporal and spatial expression patterns. Whilst 
OCT4A was expressed mainly in the nuclei of human 
embryonic stem cells, OCT4B was detected in many 
different types of differentiated cells [53,54]. Conse- 
quently, McGuckin et al. (2005), Kucia et al. (2007) and 
Zhao et al. (2006) have all used OCT4 antibodies that 
were not specific for the OCT4A variant in their studies, 
and such antibodies have been shown to give positive 
results on mature hematopoietic cells isolated from adult 
human peripheral blood [55]. Therefore, drawing con-
clusions based on such results could be inaccurate. On 
the other hand, using the term “pluripotent” to describe 
the differentiation potential of such cells based on the 
expression profiles of certain markers might not be ap-
propriate even if the cells have been shown to differenti-
ate into some but not all cell types representing the three 
germ layers. The reason for this is that cord blood stem 
cells do not form teratomas after transplantation in SCID 
mice, the current gold standard for determining the 
pluripotency of human cell lines. Therefore, these stem 
cells do not satisfy the current criteria for defining them 
as pluripotent stem cells [56]. 

Hence to avoid confusion, we suggest naming these 
cells “non-hematopoietic multipotent stem cells”, which 
defines their differentiation potential and distinguishes 
them from cord blood hematopoietic stem cells. Such ter- 
minology would avoid the inappropriate linking between 
these cells and embryonic stem cells and better describes 
their cell biology. 

4. WHY UMBILICAL CORD BLOOD 
STEM CELLS 

There has been great debate on the stem cell source of 
choice for research and clinical applications. Each type 
of stem cells (embryonic, cord blood, adult) has its adva- 

ntages and drawbacks when considered for potential cli- 
nical applications. Umbilical cord blood offers an alter- 
native source of stem cells with both research and cli- 
nical advantages over other sources of stem cells. Mov- 
ing toward effective clinical applications requires a rea- 
dily abundant supply of stem cells to provide the needed 
amounts of stem cells.  

With the global birth rate exceeding 140 millions/year, 
umbilical cord blood can be considered as one of the 
most abundant sources of stem cells (World health stati- 
stics 2011, World Health Organization). In addition, un- 
like embryonic stem cells, umbilical cord blood stem 
cells collection is not associated with complicated ethical, 
religious or political concerns, which makes them more 
appealing to use in the clinical practice [4,57]. Umbilical 
cord blood stem cells also show a number of advantages 
over adult stem cells sources like bone marrow. In addi- 
tion to the non-invasive collection procedure, umbilical 
cord blood stem cells show higher proliferating potential 
and longer telomeres than other adult stem cells [58-60]. 

Allogenic transplantation with adult HSCs is regarded 
as a life-saving procedure in the treatment of severe he-
matological diseases such as hematopoietic malignancies, 
bone marrow failure syndromes and hereditary immuno-
deficiency disorders [61]. Yet, this procedure is limited 
by the availability of suitable HLA-matched donors [62]. 
Due to the immature HLA status of umbilical cord blood 
cells, transplantation with cord blood shows better toler-
ance for HLA-mismatching in comparison with adults 
HSCs [63]. This unique feature of cord blood allows the 
safe use of unrelated and HLA-mismatched donor sam-
ples when HLA-identical donors are not available, thus 
providing the clinicians with alternative effective thera-
peutic options [3,64]. Furthermore, transplantation with 
HLA-mismatched cord blood samples shows a lower risk 
of graft-versus-host diseases (GvHD) in comparison with 
bone marrow transplantation. This is also attributed to 
the fact that the cells transplanted from umbilical cord 
blood are more naïve and have lower (HLA) protein ex-
pression than adults stem cells including bone marrow 
stem cells [59,64-66]. In addition, umbilical cord blood 
transplantation was shown to be associated with a lower 
risk of infection transmission in comparison with bone 
marrow transplantation [67]. On the other hand, the low 
number of stem cells per cord blood unit represents a 
limitation that is associated with delayed engraftment of 
these cells into host targeted tissues [62,68]. However, 
this obstacle has been tackled with the possibility of 
combining multiple cord blood units in order to increase 
the final transplanted cell dose resulting in improved 
engraftment and survival of the transplanted cells 
[3,61,64,68]. Umbilical cord blood has added advantages 
over other sources of stem cells. This highlights its po- 
tential as the stem cell type of choice for potential treat- 
ments of many diseases and disorders for which current 
form of treatment is inadequate (Table 2). 
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Table 2. Summary of advantages and disadvantages of different stem cell sources. 

 Advantages Disadvantages 

Embryonic 
stem cells 

• Pluripotency: can differentiate into any cell type in the body. 
• Serve as a strong platform for pluripotency, developmental  

and lineage commitment studies. 

• Ethical, religious and political concerns. 
• Limited number of cells isolated from each embryo. 
• High chance of transformation into cancer cells 

(teratomas). 
• Cells instability in-vitro due to lack of proper im-

printing patterns. 

Umbilical 
cord blood 
stem cells 

• No ethical, religious or political controversies. 
• Collection procedure is totally safe and non-invasive 
• Abundant supply. 
• Low viral contamination. 
• Ability to store cord blood units in cord blood banks. 
• No risk of teratoma formation. 
• Lower risk of graft-versus-host diseases (GvHD). 
• Tolerance of HLA-mismatching. 
• Higher proliferation capacity compared with adult stem cells. 

• Limited number of stem cells per single cord blood 
unit. 

Adult  
stem cells 

• No ethical, religious or political controversies. 
• Effective in generation their tissue of origin. 
• No risk of teratoma formation. 
• Established clinical history. 

• Often invasive collection procedure. 
• Limited cell numbers in human body tissues. 
• Limited differentiation capabilities. 
• Limited supply. 
• Limited availability of HLA-match donors. 

 
Table 3. Currently active clinical trials using umbilical cord blood to treat different diseases and conditions. 

Targeted disease/condition Status Sponsor Clinical Trials.gov Identifier

Hematologic Neoplasms; 
Bone Marrow Failure Syndromes 

Recruiting participants University of British Columbia, Canada NCT00897260 

Traumatic Brain Injury 
Recruiting participants 
(phase II) 

The University of Texas Health Science 
Center, Houston, USA 

NCT01251003 

Hematologic Malignancies 
Recruiting participants 
(phase II) 

Fred Hutchinson Cancer Research Center, 
USA 

NCT01175785 

Inborn Errors of Metabolism 
Recruiting participants 
(phase I) 

Duke University, USA NCT00692926 

Cerebral Palsy 
Recruiting participants 
(phase II) 

Duke University, USA NCT01147653 

Leukemia 
Lymphoma 
Multiple Myeloma 
Aplastic Anemia 

Recruiting participants 
(phase II) 

Tufts Medical Center, USA NCT00676806 

Spinal cord injuries 
Recruiting participants 
(phase II) 

China Spinal Cord Injury Network, China NCT01046786 

Hematologic Malignancies 
Recruiting participants 
(phase II) 

Memorial Sloan-Kettering Cancer Center, 
USA 

NCT00739141 

Hearing Loss 
Recruiting participants 
(phase I) 

Memorial Hermann Healthcare System, 
USA 

NCT01343394 

Hypoplastic Left Heart Syndrome 
Recruiting participants 
(phase I) 

Duke University, USA NCT01445041 

Type 1 Diabetes 
Recruiting participants 
(phase II) 

University of Florida, USA NCT00873925 

Myelodysplastic Syndrome (MDS) 
Severe Aplastic Anemia (SAA) 

Recruiting participants 
(phase II) 

National Heart, Lung, and Blood Institute 
(NHLBI), USA 

NCT00604201 
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5. THE CLINICAL POTENTIAL OF 

UMBILICAL CORD BLOOD STEM 
CELLS 

Clinical applications of umbilical cord blood date back 
to the early 1970s, where it was used to treat lym-
phoblastic leukemia patients [1]. Since then, it was used 
regularly in hematology transplantations as a replace-
ment for bone marrow following hematological malig-
nancy or bone marrow failure [2,3]. The discovery of the 
unique non-hematopoietic multipotent stem cells in cord 
blood and the ability to differentiate these cells into 
many different cell types highlighted the potential use of 
umbilical cord blood as a therapeutic tool for a wider 
range of diseases and disorders. Umbilical cord blood 
has already been utilized in a number of clinical trials 
aimed to treat certain neurological diseases including 
hypoxic-ischemic encephalopathy and spastic cerebral 
palsy, several media reports have indicated remarkable 
improvements in kids treated but official reports are yet 
to be published. In another currently active trial, umbili-
cal cord blood is being utilized to treat people with spinal 
cord injuries. Umbilical cord blood is also currently in-
volved in clinical trials treating different hematological 
conditions, inborn errors of metabolism, diabetes and 
heart disorders (Table 3). Clinical trials are still at its 
early stages but early indications suggest high potential 
and hope toward developing effective therapies for the 
disorders and injuries using umbilical cord blood. 

6. CONCLUSIONS 

Umbilical cord blood can be viewed as a promising 
source of stem cells for research and clinical applications. 
It is ethically sound, its abundant supply, immunological 
immaturity and high plasticity makes it superior to other 
sources of stem cells. Umbilical cord blood contains at 
least three different populations of stem cells including 
hematopoietic stem cells (HSCs), Mesenchymal stem 
cells (MSCs) and a unique population of non-hematopo- 
ietic multipotent stem cells. Supported by in-vitro and pre- 
clinical studies, umbilical cord blood has been utilized in 
many different clinical trials aiming to treat a wide range 
of diseases and disorders. Although still at early stages, 
preliminary results from these clinical trials demon-
strated high potential and hope toward developing effec-
tive therapies for various diseases and disorders for 
which current mode of therapy is inadequate. 

7. ACKNOWLEDGEMENTS 

We would like to thank Professor Susan Lindsay and Dr Sajjad 

Ahmad from Institute of Genetic Medicine in University of Newcastle 

for their support and help. 

 

REFERENCES 

[1] Ende, M. and Ende, N. (1972) Hematopoietic transplanta-
tion by means of fetal (cord) blood: A new method. Vir-
ginia Medical Monthly 1918, 99, 276-280. 

[2] Gluckman, E., Broxmeyer, H.A., Auerbach, A.D., Fried-
man, H.S., Douglas, G.W., Devergie, A., Esperou, H., 
Thierry, D., Socie, G., Lehn, P., et al. (1989) Hematopoi-
etic reconstitution in a patient with Fanconi’s anemia by 
means of umbilical-cord blood from an HLA-identical 
sibling. New England Journal of Medicine, 321, 1174- 
1178. doi:10.1056/NEJM198910263211707 

[3] Slatter, M.A., Bhattacharya, A., Flood, T.J., Abinun, M., 
Cant, A.J. and Gennery, A.R. (2006) Use of two unrelated 
umbilical cord stem cell units in stem cell transplantation 
for Wiskott-Aldrich syndrome. Pediatric Blood Cancer, 
47, 332-334. doi:10.1002/pbc.20450 

[4] Watt, S.M. and Contreras, M. (2005) Stem cell medicine: 
Umbilical cord blood and its stem cell potential. Seminars 
in Fetal and Neonatal Medicine, 10, 209-220.  
doi:10.1016/j.siny.2005.02.001 

[5] Denner, L., Bodenburg, Y., Zhao, J.G., Howe, M., Cappo, 
J., Tilton, R.G., Copland, J.A., Forraz, N., McGuckin, C. 
and Urban, R. (2007) Directed engineering of umbilical 
cord blood stem cells to produce C-peptide and insulin. 
Cell Proliferation, 40, 367-380.  
doi:10.1111/j.1365-2184.2007.00439.x 

[6] Ali, H. and Bahbahani, H. (2010) Umbilical cord blood 
stem cells—Potential therapeutic tool for neural injuries 
and disorders. Acta Neurobiologiae Experimentalis, 70, 
316-324. 

[7] Short, B., Brouard, N., Occhiodoro-Scott, T., Ramakrish-
nan, A. and Simmons, P.J. (2003) Mesenchymal stem 
cells. Archives of Medical Research, 34, 565-571.  
doi:10.1016/j.arcmed.2003.09.007 

[8] Pittenger, M.F., Mackay, A.M., Beck, S.C., Jaiswal, R.K., 
Douglas, R., Mosca, J.D., Moorman, M.A., Simonetti, 
D.W., Craig, S. and Marshak, D.R. (1999) Multilineage 
potential of adult human mesenchymal stem cells. Sci-
ence, 284, 143-147. doi:10.1126/science.284.5411.143 

[9] McGuckin, C.P., Forraz, N., Baradez, M.O., Navran, S., 
Zhao, J., Urban, R., Tilton, R. and Denner, L. (2005) Pro-
duction of stem cells with embryonic characteristics from 
human umbilical cord blood. Cell Proliferation, 38, 245- 
255. doi:10.1111/j.1365-2184.2005.00346.x 

[10] Kucia, M., Halasa, M., Wysoczynski, M., Baskiewicz- 
Masiuk, M., Moldenhawer, S., Zuba-Surma, E., Czajka, 
R., Wojakowski, W., Machalinski, B. and Ratajczak, M.Z. 
(2007) Morphological and molecular characterization of 
novel population of CXCR4+ SSEA-4+ Oct-4+ very 
small embryonic-like cells purified from human cord 
blood: Preliminary report. Leukemia, 21, 297-303.  
doi:10.1038/sj.leu.2404470 

[11] McGuckin, C., Jurga, M., Ali, H., Strbad, M. and Forraz, 
N. (2008) Culture of embryonic-like stem cells from hu-
man umbilical cord blood and onward differentiation to 
neural cells in vitro. Nature Protocols, 3, 1046-1055.  
doi:10.1038/nprot.2008.69 

Copyright © 2012 SciRes.                                                                    OPEN ACCESS 

http://dx.doi.org/10.1056/NEJM198910263211707
http://dx.doi.org/10.1002/pbc.20450
http://dx.doi.org/10.1016/j.siny.2005.02.001
http://dx.doi.org/10.1111/j.1365-2184.2007.00439.x
http://dx.doi.org/10.1016/j.arcmed.2003.09.007
http://dx.doi.org/10.1126/science.284.5411.143
http://dx.doi.org/10.1111/j.1365-2184.2005.00346.x
http://dx.doi.org/10.1038/sj.leu.2404470
http://dx.doi.org/10.1038/nprot.2008.69


H. Ali et al. / Stem Cell Discovery 2 (2012) 15-23 21

[12] Ali, H., Jurga, M., Kurgonaite, K., Forraz, N. and Mc- 
Guckin, C. (2009) Defined serum-free culturing condi-
tions for neural tissue engineering of human cord blood 
stem cells. Acta Neurobiologiae Experimentalis, 69, 12- 
23. 

[13] Exalto, N. (1995) Early human nutrition. European 
Journal of Obstetrics & Gynecology and Reproductive 
Biology, 61, 3-6. doi:10.1016/0028-2243(95)02146-J 

[14] Di Naro, E., Ghezzi, F., Raio, L., Franchi, M. and 
D’Addario, V. (2001) Umbilical cord morphology and 
pregnancy outcome. European Journal of Obstetrics & 
Gynecology and Reproductive Biology, 96, 150-157.  
doi:10.1016/S0301-2115(00)00470-X 

[15] Chaurasia, B.D. and Agarwal, B.M. (1979) Helical struc-
ture of the human umbilical cord. Acta Anatomica, 103, 
226-230. doi:10.1159/000145013 

[16] Ferguson, V.L. and Dodson, R.B. (2009) Bioengineering 
aspects of the umbilical cord. European Journal of Ob-
stetrics & Gynecology and Reproductive Biology, 144, 
Suppl. 1, S108-S113. doi:10.1016/j.ejogrb.2009.02.024 

[17] Currarino, G., Stannard, M.W. and Kolni, H. (1991) Um-
bilical vein draining into the inferior vena cava via the 
internal iliac vein, bypassing the liver. Pediatric Radiol-
ogy, 21, 265-266. doi:10.1007/BF02018619 

[18] Desforges, M. and Sibley, C.P. (2010) Placental nutrient 
supply and fetal growth. International Journal of Devel-
opmental Biology, 54, 377-390.  
doi:10.1387/ijdb.082765md 

[19] Cross, J.C., Nakano, H., Natale, D.R., Simmons, D.G. and 
Watson, E.D. (2006) Branching morphogenesis during 
development of placental villi. Differentiation, 74, 393- 
401. doi:10.1111/j.1432-0436.2006.00103.x 

[20] Muller-Sieburg, C.E., Cho, R.H., Thoman, M., Adkins, B. 
and Sieburg, H.B. (2002) Deterministic regulation of he-
matopoietic stem cell self-renewal and differentiation. 
Blood, 100, 1302-1309. 

[21] McGuckin, C.P., Pearce, D., Forraz, N., Tooze, J.A., Watt, 
S.M. and Pettengell, R. (2003) Multiparametric analysis 
of immature cell populations in umbilical cord blood and 
bone marrow. European Journal of Haematology, 71, 
341-350. doi:10.1034/j.1600-0609.2003.00153.x 

[22] McGuckin, C.P., Basford, C., Hanger, K., Habibollah, S. 
and Forraz, N. (2007) Cord blood revelations: The im-
portance of being a first born girl, big, on time and to a 
young mother! Early Human Development, 83, 733-741.  
doi:10.1016/j.earlhumdev.2007.09.001 

[23] Felli, N., Cianetti, L., Pelosi, E., Care, A., Liu, C.G., Calin, 
G.A., Rossi, S., Peschle, C., Marziali, G. and Giuliani, A. 
(2010) Hematopoietic differentiation: A coordinated dy-
namical process towards attractor stable states. BMC Sys-
tems Biology, 4, 85. doi:10.1186/1752-0509-4-85 

[24] da Silva Meirelles, L., Chagastelles, P.C. and Nardi, N.B. 
(2006) Mesenchymal stem cells reside in virtually all 
post-natal organs and tissues. Journal of Cell Science, 119, 
2204-2213. doi:10.1242/jcs.02932 

[25] Black, I.B. and Woodbury, D. (2001) Adult rat and human 
bone marrow stromal stem cells differentiate into neurons. 
Blood Cells, Molecules & Diseases, 27, 632-636.  

doi:10.1006/bcmd.2001.0423 

[26] Krause, D.S., Theise, N.D., Collector, M.I., Henegariu, O., 
Hwang, S., Gardner, R., Neutzel, S. and Sharkis, S.J. 
(2001) Multi-organ, multi-lineage engraftment by a single 
bone marrow-derived stem cell. Cell, 105, 369-377.  
doi:10.1016/S0092-8674(01)00328-2 

[27] Erices, A., Conget, P. and Minguell, J.J. (2000) Mesen-
chymal progenitor cells in human umbilical cord blood. 
British Journal of Haematology, 109, 235-242.  
doi:10.1046/j.1365-2141.2000.01986.x 

[28] Kern, S., Eichler, H., Stoeve, J., Kluter, H. and Bieback, 
K. (2006) Comparative analysis of mesenchymal stem 
cells from bone marrow, umbilical cord blood, or adipose 
tissue. Stem Cells, 24, 1294-1301.  
doi:10.1634/stemcells.2005-0342 

[29] Bieback, K., Kern, S., Kluter, H. and Eichler, H. (2004) 
Critical parameters for the isolation of mesenchymal stem 
cells from umbilical cord blood. Stem Cells, 22, 625-634.  
doi:10.1634/stemcells.22-4-625 

[30] Lee, O.K., Kuo, T.K., Chen, W.M., Lee, K.D., Hsieh, S.L. 
and Chen, T.H. (2004) Isolation of multipotent mesen-
chymal stem cells from umbilical cord blood. Blood, 103, 
1669-1675. doi:10.1182/blood-2003-05-1670 

[31] Lindner, U., Kramer, J., Rohwedel, J. and Schlenke, P. 
(2010) Mesenchymal stem or stromal cells: Toward a 
better understanding of their biology? Transfusion Medi-
cine and Hemotherapy, 37, 75-83.  
doi:10.1159/000290897 

[32] Liu, G., Ye, X., Zhu, Y., Li, Y., Sun, J., Cui, L. and Cao, Y. 
(2011) Osteogenic differentiation of GFP-labeled human 
umbilical cord blood derived mesenchymal stem cells af-
ter cryopreservation. Cryobiology, 63, 125-128.  
doi:10.1016/j.cryobiol.2011.05.005  

[33] Zhang, X., Hirai, M., Cantero, S., Ciubotariu, R., Dobrila, 
L., Hirsh, A., Igura, K., Satoh, H., Yokomi, I., Nishimura, 
T., Yamaguchi, S., Yoshimura, K., Rubinstein, P. and Ta-
kahashi, T.A. (2011) Isolation and characterization of 
mesenchymal stem cells from human umbilical cord 
blood: reevaluation of critical factors for successful isola-
tion and high ability to proliferate and differentiate to 
chondrocytes as compared to mesenchymal stem cells 
from bone marrow and adipose tissue. Journal of Cellular 
Biochemistry, 112, 1206-1218. doi:10.1002/jcb.23042 

[34] Tio, M., Tan, K.H., Lee, W., Wang, T.T. and Udolph, G. 
(2010) Roles of db-cAMP, IBMX and RA in aspects of 
neural differentiation of cord blood derived mesenchy-
mal-like stem cells. PLoS One, 5, E9398.  
doi:10.1371/journal.pone.0009398  

[35] Kang, X.Q., Zang, W.J., Bao, L.J., Li, D.L., Song, T.S., 
Xu, X.L. and Yu, X.J. (2005) Fibroblast growth factor-4 
and hepatocyte growth factor induce differentiation of 
human umbilical cord blood-derived mesenchymal stem 
cells into hepatocytes. World Journal of Gastroenterology, 
11, 7461-7465. 

[36] Zhao, Y., Wang, H. and Mazzone, T. (2006) Identification 
of stem cells from human umbilical cord blood with em-
bryonic and hematopoietic characteristics. Experimental 
Cell Research, 312, 2454-2464.  
doi:10.1016/j.yexcr.2006.04.008 

Copyright © 2012 SciRes.                                                                    OPEN ACCESS 

http://dx.doi.org/10.1016/0028-2243(95)02146-J
http://dx.doi.org/10.1016/S0301-2115(00)00470-X
http://dx.doi.org/10.1159/000145013
http://dx.doi.org/10.1016/j.ejogrb.2009.02.024
http://dx.doi.org/10.1007/BF02018619
http://dx.doi.org/10.1387/ijdb.082765md
http://dx.doi.org/10.1111/j.1432-0436.2006.00103.x
http://dx.doi.org/10.1034/j.1600-0609.2003.00153.x
http://dx.doi.org/10.1016/j.earlhumdev.2007.09.001
http://dx.doi.org/10.1186/1752-0509-4-85
http://dx.doi.org/10.1242/jcs.02932
http://dx.doi.org/10.1006/bcmd.2001.0423
http://dx.doi.org/10.1016/S0092-8674(01)00328-2
http://dx.doi.org/10.1046/j.1365-2141.2000.01986.x
http://dx.doi.org/10.1634/stemcells.2005-0342
http://dx.doi.org/10.1634/stemcells.22-4-625
http://dx.doi.org/10.1182/blood-2003-05-1670
http://dx.doi.org/10.1159/000290897
http://dx.doi.org/10.1016/j.cryobiol.2011.05.005
http://dx.doi.org/10.1002/jcb.23042
http://dx.doi.org/10.1371/journal.pone.0009398
http://dx.doi.org/10.1016/j.yexcr.2006.04.008


H. Ali et al. / Stem Cell Discovery 2 (2012) 15-23 22 

[37] Ali, H., Forraz, N., McGuckin, C.P., Jurga, M., Lindsay, 
S., Ip, B.K., Trevelyan, A., Basford, C., Habibollah, S., 
Ahmad, S., Clowry, G.J. and Bayatti, N. (2011) In vitro 
modelling of cortical neurogenesis by sequential induc-
tion of human umbilical cord blood stem cells. Stem Cell 
Review, 43, 215-227. 

[38] Adewumi, O., Aflatoonian, B., et al. (2007) Characteriza-
tion of human embryonic stem cell lines by the interna-
tional stem cell initiative. National Biotechnology, 25, 
803-816. doi:10.1038/nbt1318 

[39] Inamdar, M.S., Venu, P., Srinivas, M.S., Rao, K. and 
VijayRaghavan, K. (2009) Derivation and characteriza-
tion of two sibling human embryonic stem cell lines from 
discarded grade III embryos. Stem Cells and Development, 
18, 423-433. doi:10.1089/scd.2008.0131 

[40] Zangiacomi, V., Balon, N., Maddens, S., Lapierre, V., 
Tiberghien, P., Schlichter, R., Versaux-Botteri, C. and 
Deschaseaux, F. (2008) Cord blood-derived neurons are 
originated from CD133+/CD34 stem/progenitor cells in a 
cell-to-cell contact dependent manner. Stem Cells and 
Development, 17, 1005-1016. doi:10.1089/scd.2007.0248 

[41] Habich, A., Jurga, M., Markiewicz, I., Lukomska, B., 
Bany-Laszewicz, U. and Domanska-Janik, K. (2006) 
Early appearance of stem/progenitor cells with neural-like 
characteristics in human cord blood mononuclear fraction 
cultured in vitro. Experimental Hematology, 34, 914-925.  
doi:10.1016/j.exphem.2006.03.010 

[42] Senegaglia, A.C., Barboza, L.A., Dallagiovanna, B., Aita, 
C.A., Hansen, P., Rebelatto, C.L., Aguiar, A.M., Miyague, 
N.I., Shigunov, P., Barchiki, F., Correa, A., Olandoski, M., 
Krieger, M.A. and Brofman, P.R. (2010) Are purified or 
expanded cord blood-derived CD133+ cells better at im-
proving cardiac function? Experimental Biology and 
Medicine, 235, 119-129. doi:10.1258/ebm.2009.009194 

[43] Ma, N., Ladilov, Y., Kaminski, A., Piechaczek, C., Choi, 
Y.H., Li, W., Steinhoff, G. and Stamm, C. (2006) Umbili-
cal cord blood cell transplantation for myocardial regen-
eration. Transplantation Proceedings, 38, 771-773.  
doi:10.1016/j.transproceed.2006.01.061  

[44] Buzanska, L., Machaj, E.K., Zablocka, B., Pojda, Z. and 
Domanska-Janik, K. (2002) Human cord blood-derived 
cells attain neuronal and glial features in vitro. Journal of 
Cell Science, 115, 2131-2138. 

[45] Buzanska, L., Jurga, M. and Domanska-Janik, K. (2006) 
Neuronal differentiation of human umbilical cord blood 
neural stem-like cell line. Neurodegenerative Diseases, 3, 
19-26. doi:10.1159/000092088 

[46] Buzanska, L., Jurga, M., Stachowiak, E.K., Stachowiak, 
M.K. and Domanska-Janik, K. (2006) Neural stem-like 
cell line derived from a nonhematopoietic population of 
human umbilical cord blood. Stem Cells and Develop-
ment, 15, 391-406. doi:10.1089/scd.2006.15.391 

[47] Forraz, N., Pettengell, R. and McGuckin, C.P. (2004) 
Characterization of a lineage-negative stem-progenitor 
cell population optimized for ex vivo expansion and en-
riched for LTC-IC. Stem Cells, 22, 100-108.  
doi:10.1634/stemcells.22-1-100 

[48] McGuckin, C.P., Forraz, N., Allouard, Q. and Pettengell, 
R. (2004) Umbilical cord blood stem cells can expand 

hematopoietic and neuroglial progenitors in vitro. Ex-
perimental Cell Research, 295, 350-359.  
doi:10.1016/j.yexcr.2003.12.028 

[49] Halasa, M., Baskiewicz-Masiuk, M., Dabkowska, E. and 
Machalinski, B. (2008) An efficient two-step method to 
purify very small embryonic-like (VSEL) stem cells from 
umbilical cord blood (UCB). Folia Histochemica et Cy-
tobiologica, 46, 239-243.  
doi:10.2478/v10042-008-0036-1 

[50] Leeb, C., Jurga, M., McGuckin, C., Moriggl, R. and 
Kenner, L. (2010) Promising new sources for pluripotent 
stem cells. Stem Cell Review, 6, 15-26.  
doi:10.1007/s12015-009-9102-0  

[51] Harris, D.T. and Rogers, I. (2007) Umbilical cord blood: 
A unique source of pluripotent stem cells for regenerative 
medicine. Current Stem Cell Research & Therapy, 2, 301- 
309. doi:10.2174/157488807782793790 

[52] Buitrago, W. and Roop, D.R. (2007) Oct-4: The almighty 
POUripotent regulator? Journal of Investigative Derma-
tology, 127, 260-262. doi:10.1038/sj.jid.5700654 

[53] Cauffman, G., Liebaers, I., Van Steirteghem, A. and Van 
de Velde, H. (2006) POU5F1 isoforms show different ex-
pression patterns in human embryonic stem cells and pre- 
implantation embryos. Stem Cells, 24, 2685-2691.  
doi:10.1634/stemcells.2005-0611 

[54] Lee, J., Kim, H.K., Rho, J.Y., Han, Y.M. and Kim, J. 
(2006) The human OCT-4 isoforms differ in their ability 
to confer self-renewal. Journal of Biological Chemistry, 
281, 33554-33565. doi:10.1074/jbc.M603937200 

[55] Zangrossi, S., Marabese, M., Broggini, M., Giordano, R., 
D'Erasmo, M., Montelatici, E., Intini, D., Neri, A., Pesce, 
M., Rebulla, P. and Lazzari, L. (2007) Oct-4 expression in 
adult human differentiated cells challenges its role as a 
pure stem cell marker. Stem Cells, 25, 1675-1680.  
doi:10.1634/stemcells.2006-0611 

[56] Sangeetha, V.M., Kale, V.P. and Limaye, L.S. (2010) 
Expansion of cord blood CD34 cells in presence of 
zVADfmk and zLLYfmk improved their in vitro func-
tionality and in vivo engraftment in NOD/SCID mouse. 
PLoS One, 5, E12221. 

[57] Ballen, K.K., Barker, J.N., Stewart, S.K., Greene, M.F. 
and Lane, T.A. (2008) Collection and preservation of cord 
blood for personal use. Biology of Blood and Marrow 
Transplantation, 14, 356-363.  
doi:10.1016/j.bbmt.2007.11.005 

[58] Pipes, B.L., Tsang, T., Peng, S.X., Fiederlein, R., Graham, 
M. and Harris, D.T. (2006) Telomere length changes after 
umbilical cord blood transplant. Transfusion, 46, 1038- 
1043. doi:10.1111/j.1537-2995.2006.00839.x 

[59] Slatter, M.A. and Gennery, A.R. (2006) Umbilical cord 
stem cell transplantation for primary immunodeficiencies. 
Expert Opinion on Biological Therapy, 6, 555-565.  
doi:10.1517/14712598.6.6.555 

[60] Kim, D.K., Fujiki, Y., Fukushima, T., Ema, H., Shibuya, 
A. and Nakauchi, H. (1999) Comparison of hematopoietic 
activities of human bone marrow and umbilical cord 
blood CD34 positive and negative cells. Stem Cells, 17, 
286-294. doi:10.1002/stem.170286 

Copyright © 2012 SciRes.                                                                    OPEN ACCESS 

http://dx.doi.org/10.1038/nbt1318
http://dx.doi.org/10.1089/scd.2008.0131
http://dx.doi.org/10.1089/scd.2007.0248
http://dx.doi.org/10.1016/j.exphem.2006.03.010
http://dx.doi.org/10.1258/ebm.2009.009194
http://dx.doi.org/10.1016/j.transproceed.2006.01.061
http://dx.doi.org/10.1159/000092088
http://dx.doi.org/10.1089/scd.2006.15.391
http://dx.doi.org/10.1634/stemcells.22-1-100
http://dx.doi.org/10.1016/j.yexcr.2003.12.028
http://dx.doi.org/10.2478/v10042-008-0036-1
http://dx.doi.org/10.1007/s12015-009-9102-0
http://dx.doi.org/10.2174/157488807782793790
http://dx.doi.org/10.1038/sj.jid.5700654
http://dx.doi.org/10.1634/stemcells.2005-0611
http://dx.doi.org/10.1074/jbc.M603937200
http://dx.doi.org/10.1634/stemcells.2006-0611
http://dx.doi.org/10.1016/j.bbmt.2007.11.005
http://dx.doi.org/10.1111/j.1537-2995.2006.00839.x
http://dx.doi.org/10.1517/14712598.6.6.555
http://dx.doi.org/10.1002/stem.170286


H. Ali et al. / Stem Cell Discovery 2 (2012) 15-23 

Copyright © 2012 SciRes.                                                                    OPEN ACCESS 

23

[61] Brunstein, C.G. and Wagner, J.E. (2006) Cord blood 
transplantation for adults. Vox Sanguinis, 91, 195-205.  
doi:10.1111/j.1423-0410.2006.00823.x 

[62] Tse, W. and Laughlin, M.J. (2005) Umbilical cord blood 
transplantation: A new alternative option. American Soci-
ety of Hematology Education Program, 377-383. 

[63] Liu, E., Law, H.K. and Lau, Y.L. (2004) Tolerance asso-
ciated with cord blood transplantation may depend on the 
state of host dendritic cells. British Journal of Haema-
tology, 126, 517-526.  
doi:10.1111/j.1365-2141.2004.05061.x 

[64] Ringden, O., Okas, M., Uhlin, M., Uzunel, M., Rember-
ger, M. and Mattsson, J. (2008) Unrelated cord blood and 
mismatched unrelated volunteer donor transplants, two 
alternatives in patients who lack an HLA-identical donor. 
Bone Marrow Transplant, 42, 643-648.  
doi:10.1038/bmt.2008.239 

[65] Fasouliotis, S.J. and Schenker, J.G. (2000) Human um-
bilical cord blood banking and transplantation: A state of 
the art. European Journal of Obstetrics & Gynecology 

and Reproductive Biology, 90, 13-25.  
doi:10.1016/S0301-2115(99)00214-6 

[66] Mochizuki, K., Kikuta, A., Ito, M., Akaihata, M., Sano, 
H., Ohto, H. and Hosoya, M. (2008) Successful unrelated 
cord blood transplantation for chronic granulomatous 
disease: A case report and review of the literature. Pedi-
atric Transplantation, 13, 384-389.  
doi:10.1111/j.1399-3046.2008.00996.x  

[67] Behzad-Behbahani, A., Pouransari, R., Tabei, S.Z., Ra-
himinejad, M.S., Robati, M., Yaghobi, R., Nourani, H., 
Ramzi, M.M., Farhadi-Andarabi, A., Mojiri, A., Rahsaz, 
M., Banihashemi, M. and Zare, N. (2005) Risk of viral 
transmission via bone marrow progenitor cells versus 
umbilical cord blood hematopoietic stem cells in bone 
marrow transplantation. Transplantation Proceedings, 37, 
3211-3212. doi:10.1016/j.transproceed.2005.07.007 

[68] Stanevsky, A., Goldstein, G. and Nagler, A. (2009) Um-
bilical cord blood transplantation: Pros, cons and beyond. 
Blood Reviews, 23, 199-204.  
doi:10.1016/j.blre.2009.02.001 

 
 

http://dx.doi.org/10.1111/j.1423-0410.2006.00823.x
http://dx.doi.org/10.1111/j.1365-2141.2004.05061.x
http://dx.doi.org/10.1038/bmt.2008.239
http://dx.doi.org/10.1016/S0301-2115(99)00214-6
http://dx.doi.org/10.1111/j.1399-3046.2008.00996.x
http://dx.doi.org/10.1016/j.transproceed.2005.07.007
http://dx.doi.org/10.1016/j.blre.2009.02.001

